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PERFORMANCE OF J—-33-A-21 AND J-33—-A-23 COMFRESSORS
VITH AND ViZTIIOUT VATZIR INJECTICL

By William L. Beede

STULRMARY -
In an investigation of the J-33-A-21 and the
J—33-A—-25 compressors with and without water injection,

it was discovered that the compressors reacted dif-
ferently to water injection although ther were phys-—
ically similar, An analysis of the effect of water
1ngect10n on co%pressor UerfOrﬁance and the consegquent
effect on matchln~ -0f the compressor and turbine com-—
ponents in the turbo‘eb enb_qe was macde, The analysis
of compoident.matching is based on a turbine mow
quctﬁon defined as t.e procduct of the equivalent
weight flow and the. r601n“oca7 of the con nre3°or pres-—
© sure Watlo. .

With water injection the surge point of the
J-33-A~-21 compressor occurred at a lower valus of
the turbine flow function than without water injection;
the compressor therefore should rot operate in the
surge region when water is injected.- The surge point
of the J-33-A-23 compressor oceurred at a higher
value of the turbinzs flow function with water in-—
jection then without. This compressor operating
under normally stable conditions without water in—~
jection —may move into the surge region or into a
condition of unfavorable operation by addition of
water unless the pressure ratio for normal operation
is less than 94 percent of the peak pressure ratio,
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INTRODUCTION

At the request of -the-Air Mabteriel Command,
Lrmy Air Forces, an investication is being conducted
at the WACA Cleveland 1aboratorv to determine and’
aralyze the performance of a series of J~33 turbojet—
engine compressors. In the course of an questlratlon
of the J—55rA—2l‘and the J-233-A-23 corpressors with
and without water injection, it was discovered that
the compressors rsacted differently to water injection
although they were physically sinmilar An analysis
was made of the effect of water injection on com~
pressor performance and the consequent sffect on the
natching of the compressor and turbine components in
the turbojet engine,

ANALYSIS o :

A flow function governing the pérformance of the
turbine component of the J—33 turboget engine 1is
(Wx/To/TO)/Pg/Po) where W 1is weight flow in pounds
per second, T is total temperature in OR, - and P
is total pressure in inc%es mercury absolute. - The
subscripts 0O and. 3 refer to JACA standard sea~
level conditions and conditions ‘at the turbine inlet,
respectively.,” The ratio . Tz/Tq . is .T3/T7 x T1/To»
where the'subscr:nt 1 .refers to the compressor inlet.
The ratio Tg/Tl is an independent varlable fix 1ng
the overating concltﬂon and : .

.7 m :
’ﬁ—:.z: ﬁé,x 1)
Ao 1y Y
where ;
T, .
e = LON
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The ratio

_ P5 Pa Po j?l 3 Py
= = (22 (5=) = (5=2)(F

where

and subscript 2 refers to the compressor outlet.
If there are small losses through the burner, Psz/Po
is nearly unity; then ’

- \

= it -5 Y , ! 1
Pz/Py’ L8 AT f{P27 P, ‘ (1)

EA /-—-\. / \ ‘ '

r‘m 1 \ determines approximately the
N

flow function governing turbine nerfo“mance for a
-given value of T3/Tq.-

Therefore,

This ana1y51s neglects‘the e¢ffect of change in
zas nroperties- and weight flow with the addition of
fuel or water. The addition -of .fuel or water would
cause the TtTurbine flow function to be somewhat greater
than that given by equation (1). The change in specific
heats arlsinb from changus in the compositicn and tem-
perature of the gas is also neglected,

RESULTS

The variation in over-all pressure ratio with
equivalent weight flow for the J-33-A-21 compressor
is presented in figure 1. Water injection increased
the over-—-all pressure ratio approximately 9.5 percent
and the equivalent weight flow apvroximately 7,0 per-—

e e e e e ¢ S e e e eyl st e o .
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cent, The addition of water moved the surge point of
the compressor to an air weight flow approximately 6.0
percént greater than thet without water injection,

The variation in over-all pressure ratio with
equivalent weight flow for the J-33-A-23 compressor
is presented in figure 2, The over-all pressure ratio
was lincreased only 3.0 percent, whereas the equivalent
weight flow increased apw»roximately 13,0 percent. The
addition of wrter moved the surge point of the.- com—
pressor to an air weight flow anvrox1matelv 17,0 per—
cent greater than that without water injection.

The variation of the pressurs ratio of the two com-

pressors with the. turbine flow function lw e\/ 1 \
- .'\‘ 6 ‘,' ‘PZ/Pl
is presented in Tigures 3 andé 4, The additioq of water
in the J-33-A—21 compressor (fig. 3) caused the surge
. - Tue of WE\.( 1 .__
point to occur at a value of 5 f ?2/P1j approxi

mately 3,0 percent lower than the corresponding value
without water injection.

The addition of water in the J-33-A-23 type com—
pressor {(fig. 4) caused the surze point to occur at a

-/ . . ‘
value of {%/§\{ 1 3 approximately 15.0 percent
Vo j\Py/Py;

A Y
greater than the corresponding value without water in-
jection. The opposite trends in the disnlacement of
the surge pcint for the twe COTIPTeSSOrs is partly due
to the Lact that the increase in pressure ratio ef-
fected by water injection was 6.5 percent greater for
the J-33-A-21 compressor than for the J-33-A-23 com~.
pressor, . -

DISTUSSION OF RTSULTS

Two significant effects of water injection on
the operation of the jet enzine are: (1) a change in
over—all compressor pressurs ratio and (2) a channe in
the macnwtude of the turbine flow function

-

. When the pressyure ratio across the

\ 5} \Pa/Py/
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turbine exceeds approximately 2:1, sonic or neasrly

sonic velocitics can be expected in-the turbine nozzles.

At compressor pressure ratios above 3:1, the pressure

ratio across the turbine will almost certainly be

grecater than 2:1, At the design speced of the compressor

therefore, sonic velocitics can be assumed to axist

in the turbine nozzles if the turkine is reason sbly

we17 matched thL the conpressor,. The valuc of the

1\ .
}, which is nearly propcrtional

T'T
flow function ( /~ i
Po/P1
\
to the Mach number at the 1nlet of the turbine nozzlcs,
will thus bec constant fcr all values of compressor -
prossure ratio greater than that.raquired for obtain-—
ing the crvtlcaW turbinc orossurc ratio, The onxcrating

'b
value of fﬁf—\l 1 \ would thorcfore be almost un-
oo 4 NE /Pl/

ffected by tho injcection of water into the compressor.
On this basis, injccting water into the J-33-A-21. engine
will rcsult in higher CC"DPQS°O¢ pressure ratios and
higher values of W/5/8, both of which will have
beneficial effects on the thrust of the engine. On

the othcer hand, injection of water into thv J~33-A~-23
-engine will tend to ..ake the compresscer operate at
lower weight flows than that for the suvrge point unless
the compressor pressure ratio for normal opcration
is less than 94 percent of the peak pressurc ratio,
Although the effects of such operation cannot be
predicted from the present data, the over-2ll resuvlt
will certainly be lcss beneficial than that antici-
pated for the J-Z3-A-21 engine, '

E‘l\')

P} <

SUMUIARY O RESULTS

An investigation of the nerformance of the
J-33~-A-21 and the J-33-A-2% compressors with and
without water injcction produced the following rcesults:

(1) Tte surge voint of the J-33-A-21 comprcssor
with water injcction occurred at a lower value of the
turbine flow function than without wecter injecction.'
The operation of this compressor in the surge region
is thersfore not anticipated,
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(2) The surge point for the J-33-A-23 compréssor
with water injection occurred at a higher valuc of
the turbinc flow function than without. water injcction.
This compressor opcrating under normally stablc con-—
ditions without watcr injection may .thercfore move
into the normal surge rogion or 12to a- condition of
unfevorable oporatlon by the addition of water unmlcess
tiac compressor vressure ratio for normal opcration
is less than 94 percent of the pcak nressurc ratio.
Flight rowu&sLon Research Labor atowv,

Natlon 1 Ldvisory Commitbtee for Aerouautlcs,

cvulqnd Ohio, S
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